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The Honorable William Reilly
Administrator
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401 M. Street, S5.W.

Washington, D.C. 20460

Dear Mr. Reilly:

The Sediment Criteria Subcommittee of the Science Advisory
Board has completed its review of the Equilibrium Partitioning
(EqP) approach for judging sediment quality. This approach was
developed by or under the auspices of EPA's Office of Water,
criteria and Standards Division, which requested this review.

The SAB was asked to review the sediment assessment approaches
in order to:

1) Evaluate the scientific and technical foundations for each
methodology;

2) Evaluate the feasibility of using each methed for
determining the extent of contamination and risk posed to the
environment and man;

3) Identify research directions that would provide
information to strengthen each methodology: and

4) Compare and contrast the strengths and weaknesses of the
methodologies available to EPA based on Agency provided documents.

The review was conducted by the Sediment Criteria Subcommittee
which was established to review the Agency's technical
methodologies for sediment quality assessment. This is their
second report. The committee met five times over the past twelve
months for this review.

The EgQP approach assumes that the critical parameter for
gauging sediment quality is the concentration of a chemical in the
water that will not cause significant adverse affects to aguatic
species of interest. This water concentration can then be used to

. estimate the corresponding concentration of the chemical in the
underlying sediment. The approach, as developed and reviewed
to date, pertains only to non-ionic organic cempounds.

The EgP approach is considered by the Subcommittee to have
major strengths in its foundation in chemical theory, its ease
of calculation, and its ability to make use of existing data
(e.g., water quality criteria values). In addition, the
developers of the approach have bhegun to explore the uncertainty
surrounding the approach, which is to be commended .
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The conceptual basis of the approach is supported by the
gubcommittee, however its application at this time is limited.
This is because a better understanding of the uncertainty around
the assumptions inherent in the approach, including assumptions
of equilibrium, picavailability, and kinetics, all critical
to the application of the EqQP approach, is needed.

additional concerns of the Subcommittee relate to the

' ]imited number of existing water quality criteria which the

EqP approach can use, the compound-specific nature of the
approach, and the cquestionable ability of the method to protect
sediment-ingesting organisms. The exposure to organisms by food
chain transfer is also not considered and the amount of field data
available to validate the approach is 1imited. Some suggestions
for research to explore the sources of uncertainty and the
subcommittee's other concerns are provided in the attached report.

Tt should be noted that our charge was to evaluate the method
relative to its ability to gauge sediment quality. We did not
therefore, evaluate its applicability for establishing sediment
guality criteria per se. We were unable to compare the strengths
and weaknesses of the EgP with other methods as identified in our
charge, because appropriate documents were not available at this
time.

The Subcommittee appreciates the opportunity to conduct this
scientific review. We request that the Agency formally respond to
the scientific advice transmitted in the attached report.

gincerely,
ayg C ) ' .
ﬂ ]
L el Vondh £ Do,
Dr., Raymon .- chalrman Dr. Kenneth Dickson, Chairman
Executive Committee Ecological Processes and
cscience Advisory Board Effect Committee

Dr. Robert gge t, irman
sediment Criteria subcommittee

ce: LaJuana Wilcher, Martha Prothro, James M. Conlon,Chris Zarba
catherine Krueger, Donald Barnes



ABETRAC

This report presents the conclusions and recommendations af the
U.s. Environmental Protection Agency's Science Advisory Board
summarizing a review of the Equilibrium Partitioning (EgP) approach
for estimating sediment gquality. The EqP approach relates the
level of a chemical that has been found to be acceptable from a
biological standpoint to the corresponding concentration of the
chemical sorbed to sediments. The value that results, the sediment
quality value, is based on the assumption that only the portion
of the chemical dissolved in the water surrounding
sediment particles is available to exert toxicity on resident
biota. The approach, as developed and vreviewed to date,
pertains only to non-ionic organic compounds. The EP
approach is considered by the Subcommittee to have major
strengths in its foundation in chemical theory, its ease of
calculation, and its ability to make use of existing data. In
addition, the researchers responsible for its development have
begun to explere the uncertainty surrounding the approach,
which is to be commended. The conceptual basis of the
approach is supported by the Subcommittee, however its
application at this time is limited. This is because a better
understanding of the uncertainty around the assumptions inherent
in the approach, including agssumptions of equilibrium,
biocavailability, effect levels, and kinetics, all critical to the
application of the EP approach, is needed. Additional concerns
expressed by the Subcommittee relate to the limited number of
existing water quality criteria which the EP approach can use,
the compound-specific nature of the approach, and the
questionable ability of the method to protect sediment-ingesting
organisms. The exposure to organisms by food chain transfer is
also not considered and the amount of field data to validate the
EqP approach is limited. Some suggestions for research  to
explore the sources of uncertainty and the subcommittees other
concerns are provided in the report.

Key Wordas: Sediment, EqF; Equilibrium pPartitioning approach: Non-=
ionic organic compounds



U.5. ENVIRONMENTAL PROTECTION AGENCY

NOTICE

This report has been written as a part of the activities of the
Science Advisory Board, a public advisory group providing
extramural scientific information and advice to the Administrator
and other officials of the Fnvironmental Protection Agency. The
Board is structured to provide a palanced expert assessment of
scientific matters related to problems facing the Agency. This
report has not been reviewed for approval by the Agency; and,
hence, the contents of this report de not necessarily represent
the views and policies of the Environmental Protection Agency or
other agencies in Federal government. Mention of trade names oOr
commercial products does not constitute a recommendation for use.
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1.0 EXECUTIVE SUMMARY

The Equilibrium Partitioning (EqP) approach to
assessing sediment quality is based on an assumed set of
relationships between chemical contaminants sorbed to botton
sediments and living organisms residing in, on or above
those sediments. Some of the relationships are supported by
thermodynamic principles, others by limited observations.

The approach assumes that only the fraction of contaminant
that is dissolved in interstitial water is biologically
available, and that this dissolved fraction is inversely
proportional to the organic carbon content of the sediment.
Additionally, it 1is postulated that the distribution of the
contaminant between pore water and sediment = organic carbon
is comparable to the distribution of material between water and
the organic solvent n-octanol (i.e., the octanol/water partition
coefficient).

To describe the distribution of a substance between water and
bulk sediments, the sediment partitioning coeffici. :t, K, is used.
The organic carbon normalized sediment partitioning coefficient,
K , is used to describe the distribution of the chemical between
the organic fraction of the cediments and the associated water and
it is approximated by K,, the octanol/water partition coefficient.
Therefore, if the assumptions are valid, if the coefficients are
known and if the biologically acceptable water concentration of a
persistent contaminant is known (e.g., from the establishment of
a water quality criterion), the acceptable amount of contaminant
in the solid sediment phase can he calculated.

The EgP approach relies on a fundamental chemical parameter,
fugacity. The Subcommittee considers this foundation to be a major
strength, and supports the conceptual basis of the approach. The
relative ease of calculation and the approach's reliance on the
use of existing data also contribute to the approach's appeal
and potential for application.

The EqP approach shows promise but, in the opinion of the
gubcommittee, should not Dbe broadly applied without an
understanding of the uncertainty around the assumptions inherent
in the approach. Areas of uncertainty that must be explored
prior to generic applicability include assumptions of
equilibrium, bicavailability, and kinetics.



For instance, the Subcommittee recommends that uncertainty
associated with the following facets of the EgP Approach be
critically examined:

o Uncertainty associated with egquating K, and K.

o Uncertainty associated with the use of water quality

criteria, water quality advisories and other estimates of
aeffect levels;

It is recommended that additional research be conducted to
evaluate the influence of particle size distribution on sorption
and desorption and the role of organic carben in gediments in
regulating the bioavailability of non-ionic organic sediment
contaminants.

Finally, the Subcommittee expressed reservations about the
limited number of water quality criteria, the higher levels of
uncertainty associated with advisories, the inarility of the
approach to account for mixtures of chemicals, and the
questionable ability of the method to protect sediment-ingesting
organisms. The Subcommittee was also concerned with the limited
amount of data available to validate the EqP approach.



2.0 INTRODUCTION

2.1 Raquest for Science Advisory Board Review

At the request of the office of Water, Criteria and
atandards Division, the Science Advisory Board (SAB) agreed to
conduct a scientific review of the Equilibrium Partitioning
(EqP) approach. The SAB's Ecological Processes and Effects
Committee ( formerly the Environmental Effects, Transport and
Fate Committee) authorized the formation of a Subcommittee to
perform a series of tasks related to the technical aspects of
sediment quality assessment and criteria development, with the
approval of the Board's Executive Committee.

2.1.1 Charge to the Subcommittee

This review is the second to be completed in a series of SAB
reviews related to sediment quality criteria. Preliminary
reviews focused on approaches to examining non-ionic organic
contaminants. The first report of the subcommittee, entitled
wpvaluation of the Apparent Effects Threshold {A: ") Approach for
Assessing Sediment Quality" July, 1989, presented recommendations
and conclusions concerned with the AET Approach. The charge
accepted by the Subcommittee for the review of the AET and EgP
approaches was to:

a) Evaluate individually the scientific and technical
foundations for the various methodologies available to the Agency
to estimate sediment toxicity and biological impact of contam-
inated sediments in situ.

b) Evaluate the feasibility of utilizing each methodology
to determine extent of contamination and risk posed to the envi-
ronment and human health.

c) Identify research directions that would provide informa-
tion to strengthen each methodology.

d) Conduct a technical review of documents provided by the
Agency that compare and contrast the scientific and technical
strengths and weaknesses of the methodologies available to the
Agency to estimate sediment toxicity and biclogical impact of
contaminated sediments in gitu.

2.2 Subcommittee Review Procedures

The Sediment Criteria Subcommittee met on August 8 and 9,
1988, in Denver, Colorado, +o assess the Agency's activities
regarding c¢ontaminated sediment and to explore avenues for
providing oversight. A second meeting was held on October 27 and
28, 1988, in Seattle, Washington. Informative briefings were
provided on the objectives, histerical perspective and technical

-



components of the AET approach. A third meeting was held on
February 2 and 3, 198% in Washington, D.C. to begin the review of
the EqP approach. The briefings provided +to the Subcommittee
were thorough and were supported Dby documentation which was
provided to Subcommittee members prior to the meeting.. This
preparation and support was provided by Office of Water, Office
of Research and Development and associated contractors.

select members of the Subcommittee were convened for writing
cassions in Gloucester Point, VA on May 8 and 9, 1989 and in
Washington, DC on June 1 and 2 and again on August 17, 1989. The
final report has been reviewed and approved by the Subcommittee,
the Ecological Processes and Fffects Committee, and the Executive
Committee of the SAB.

2.3 Expectad Future Actjvities

The Sediment Criteria subcommittee is reviewing the
technical appropriateness of a series of methods that may be
applied to assessing sediment quality. These methods are contained
in a manual under development by EPA/OW's Contaminated Sediment
Technical Committee. The Subcommittee will comment on this
manual in the near future.

Other sediment gquality assessment methods, including methods
for assessing meétal contaminants, are expected to be developed
and existing approaches refined, and as this occurs, they will
be transmitted to the Subcommittee for review.

During the course of these critical evaluation processes, it
is likely that areas for additional or future research will be
targeted, To facilitate the incorporation of these recommenda-
tions into EPA research planning, the Subcommittee may conduct a
review of the Office of Research and Development's proposed Sedi-
ment Initiative, The time sequence of these proposed events is
contingent on their completion by Agency staff.

The EqP approach focuses on the partitioning of chemicals
between particulate or solid (kulk) gediments and interstitial
water (i.e., the water between sediment particles), and water
quality criteria established for contaminants to indicate their
toxicity. Since the contaminants partitioning to the interstitial
water appear to be more available to biota than contaminants bound
to bulk sediment, the EgP method for generating sediment quality
values is hased on predicted . contaminant concentrations in

interstitial watar. (See Appendix A). chemically contaminated
sediments are expected to cause adverse biological effects if the
predicted interstitial water concentration for a given contaminant
exceeds the water quality criterion established for that

contaminant.
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The EgP approach for assessing the quality of bottom
sediments relative to chemical contamination relies on a
fundamental thermodynamic parameter, fugacity. Fugacity is the
tendency of a substance to escape oI flow from one phase of a
system to another until equilibrium is established. Equilibrium
is attained when the energy of that particular system is at its
lowest, and under this condition, all concentrations in the system
are independent of time.

In the case of chemically contaminated sediments, under
conditions which approach ideal, fugacities can be used to predict
how a chemical contaminant will be distributed among the
various phases making up the systenm. This system may be in
equilibrium, but equilibrium deoes not imply that the chemical
concentrations are equal among the phases. Those phases include:
inorganic material, non-living organic material, pore water,
dissoclved gases, biota, and the overlying water column.
Therefore, if one knows the equilibrium concentration of a
chemical in any one phase, then the concentrations in the
remaining phases can be calculated if the distribution or
partition coefficients among the phases are known.

The EgP method assumes relatively ideal conditions and
equilibrium. This allows one to estimate the pore water
concentration by knowing the concentration of the substance in
the =solid phases. If the assumption is made that only the pore
water fraction is biologically available, and 1if the agueous
toxicity is known, exposure and hazard can be determined.

Tdeal conditions are seldom approached under real-world
conditions, and approximations and assumptions must be made. The
EgqP methodology relies on a number of empirically derived
astimates to describe the interactions or relationships among
hazardous chemicals, sediments, and indigenous biota.

To describe the distribution of a substance between water
and bulk sediments, the sediment partition coefficient, K, is
used. The organiec carbon normalized sediment partitioning
coefficient, K., is used to describe the distribution of the
chemical between the organic fraction of the sediments and the
associated water and it is approximated by K., the octanol/water
partition coefficient. fach of these estimates has an
associated uncertainty resulting from experimental errors and,
in some cases, assumptions for which accuracy is not known with
certainty. There is uncertainty about the impact of non-ideal
conditions on partitioning and the estimate of sediment quality
derived from partitioning values. Ihe gubcommittes recommends

that thasea asgumptions, including assumptjons of ralatively
ide conditions a & 1ib b vas d to Dbatta

characterize the uncertainty that may gxist around them.



3.1 Chemjcal Considerations

The EQP approach for setting sediment quality criteria, like
the Agency's water guality criteria approach, focuses on the
effects caused by single chemicals. This is recognized as a
limitation in both approaches, since the synergistic,
additive, and/or antagonistic effects posed by mixtures of
. contaminants are not taken into account. The following is a
discussion of the EgQP methodology's strengths and weaknesses
from a chemical standpoint, based on the nethodology's focus on
single chemical compounds. ongoing studiées by the Agency (SAB,
1989) and completed work by others (NRC, 1988 and NRC, 1989) should
be examined relative to their usefulness here.

32.1.1 Kinetics

In idealized situations, where thermodynamic equilibrium
exists between the solid phase and the aqueous phase of a
particular chemical, and when cause/effect relationships are
known, the EgP approach is valid and can be used to estimate
sediment gquality from the partitioning coeffi ‘ients and the
water quality criteria for that chemical. In such situations,
the method 1is very straightforward. However, in field
conditions it is necessary to examine whether and how well the
agsumption of thermodynamic equilibrium is satisfied Dbefore
applying thé methodology. Although the limited data presented in
the draft briefing document appeared to support the application
of EqP, a few recent studies have indicated that deviation from
thermodynamic equilibrium is not uncommon in real world
situations.

Witkowski, et al. (1988) reported on the sorption and
desorption dynamics of ARCCLOR 1242 to natural sediment and found
that a two-stage kinetic model, rather than the equilibrium
model, was more appropriate for representing sediment uptake and
release processes in long-term (up to 16 days) simulations. The
data presented show that the partition coefficient can deviate by
a factor of 7 from the one corresponding te the equilibrium
conditions. Thus, if one uses the sediment guality estimate
determined from the EgP approach to set a limit on the solid
phase, the limit may be in error. Likewise, calculations of
interstitial water concentrations pased on measured solid phase
concentrations may be in error.

geveral studies have strongly indicated that kinetic control
rather than equilibrium partitioning, dictates the extent of
accumulation of sediment contaminants. Oliver (1984, 1987)
suggested that the importance of kinetic contrel in affecting the
accumulation of contaminants by penthos. Klump et. al. (1987)
measured the assimilation coefficient of oligochaetes and
demonstrated the importance of ingestion in affecting the
accumulation of contaminants. In a recent study by Landrum et. al.
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(@989), Pontoporeia hoyi were exposed to sediments contaminated
with TCB (tetrachlorobiphencl) and BaP (benzoapyrene). Although
the partition coefficient of TCB is only twice that of BaP, the
uptake rate of TCB was found to be 10 times that of BaP. Landrum
et. al. (1989)) and Landrum (1989) concluded that, in their
experiment, the accumulation of contaminants is dictated by the
rate of desorption of contaminants from sediments and the
assimilation of contaminants by benthos instead of partitioning.

In the same study, Landrum et. al. (1989) also found that the
time for edquilibrium (via adsorption)to be established between
contaminants on sediments and contaminants in interstitial water
is on the order of one month or longer. The time to approach
equilibrium via desorption, which occurs in most depositional
areas, is likely to be even longer.

The data of Landrum, et al. (1989) suggest that the time
scale depends on rates of desorption, ingestion, and elimination,
instead of the simple equilibrium partitioning. Furthermore,
physical and biological factors. (e.g. temperature, salinity,
turbulence level, sediment type, sediment size distribution,
degree of flocculation, bioturbation, and decomposition) can
also be expected to affect the kinetics. These factors are
extremely difficult to reproduce in a laboratory experiment.
Moreover, laboratery experiments can only mimic "snap shots" in the
field, but cannot simulate the variability in physical and
biological factors associated with episodic events. Extrapolation
of laboratory results to field conditions thus contains significant
uncertainty.

Because of uncertainties produced by the problems
mentioned above, and because of uncertainties associated with the
determination of partition ccefficients due to various other
factors (e.g. particle concentration effect, flocculation effect,
complex mixtures effect), jt is recommended that A more
sophisticated uncertainty analysig be carried out for tha EqP
approach to set limits/bounds on its applicability. Uncertainty
analysis may point to needs for additional research in various
aspects of the methodology. The uncertainty analysis in the draft
briefing document fails to adequately address all these important
factors., MM:MMQ—E‘M
uncertainty analyses on both the water quality crijteria and the
partition coefficient to yield a combined uncertainty on the
sediment quality criteria. This point should be addressed in the
technical support manual that EPA is to prepare.

3.1.2 particle 8ize Distributjon (PSD)

Specific to the EqP Approach is the fact that PSD can be an
important factor conhtrolling chemical adsorption in certaln
areas. Bottom sediment may be a mixture of coarse sand-size primary

7



particles, finer primary particles such as the silts and clays,
and organic material, as well as aggregates that may contain both
inorganic particles, organic material, and living organisms of
assorted sizes. The active benthic zone of bottom sediments may
be cohesive or non-cohesive and may well be mixed vertically or
stratified by density or particle size. Compositien can vary
greatly both among sites and within sites. These facts are well
known and necessitate a very thorough sampling plan to properly
characterize a particular area and document the sample
heterogeneity.

It is recognized that the surface area and organic content
of sediments often increase as the particle size decreases. In
such cases organic carbon and increased surface area produce
interdependent effects on sorption. organic carbon is thought
to normalize about 70% of the variability in chemical
concentrations on sediments (for sediments with an organic carbon
content of 0.5% or more). Based on these cbservations, it is
recommende tha additional research be conducted t further
evaluate the importance of P8D in controlling or influencing
adsorption and desorption in combination with organic carbon. To
date much of the published literature reports results in which
the two factors are separated and not integrated.

3.1.3 Analysis

The draft briefing document supplied by the Office of Water
did not address specific procedures for the analysis of
non-ionic organic compounds in sediments or pore water.
Detailed analyses of sediment and pore water characteristics such
as dissolved organic carbon (DOC), total organic carbon (TOC), and
sediment particle sizes were not presented. While not all these
factors must be known to carry out a sediment quality criteria
calculation by the EgP method, they should be known to be

more certain that its application is appropriate.

procedures for these analyses are reasonably well known and
understood, and have been addressed by previous documents. The
use and application of the EqP approach will depend ©n
high-quality data with known levels of uncertainty for the K,
chemical concentration in the sediment, sediment organic carbon,
and sediment characteristics. _As part of the development of

the approach, appropriate mathods for all necessary anajlyses nead
to be assembled, criteria for use of varjous procedures
defined, quality asgsurance/quality control evaluations specified,

nd methods fo3 antifying uncertajpty 3D the analyslis stated.




3.1.4 Sorption ‘

"Sorption" is the generic and non-committal term which
encompasses both adsorption and absorption processes. The
distinction between these two processes is sometimes difficult to
demonstrate experimentally, but mechanistically they represent
two unigue processes. Adsorption is an interfacial phenomenon
which results in an increase in the concentraticn of a sorbant in
the interfacial layer between the bulk agueocus and solid phases.
In contrast, absorption is defined as the transfer of a c¢omponent
from the agquecus phase into the solid phase. The use of
partition coefficients does not readily distinguish between these
mechanistically different processes, and in practice it is likely
that adsorption and absorption occcur sequentially, and that their
relative importance can have significant consequences for the
extent of sorption (Mingelgrin and Gerstl, 1983).

The basic hypotheses related to the sorption and desorptiocn
of non~ionic organic¢ chemicals in the EqP methodology state that
the sediment/water partition coefficient(K)) is controlled by
the organic carbon fraction (f.) and the sediment organic
carbon/water partition coefficient (K,), and that the Koc is, in
turn, directly related by use of regression equations to the n-
octanol/water partition coefficient (K,). The extent to which
these hypotheses operate in real world situations affects
the fidelity with which carbon normalization and partition
coefficients can reflect sorption phencmena in nature.

K values for a given chemical, when run under standardized
labaragﬁry conditions are constant and reproducible. K. values
for a given chemical tested under standardized laboratory
conditions are fairly reproducible where the organic carbon is
0.5 % or more, although the confidence limits are greater than for
Kow calculations. values however, appear unreliable when
correlated with K, below that percentage. While sediment
organic matter appears to be the most important sorbent for non-
ionic chemicals it is not the only sorbent. Furthermore,
different types of organic carbhon are likely to have different
potentials for partitioning, especially when their surface areas
differ (Amidon and Anik, 1980). ‘

The partitioning approach based on the organic carbon content
of sediments does not take sorption to sedimentary components
other than organic carbon into account. It is well known that
major sedimentary constituents, such as 5iQ, and complex
silicates are poor substrates for the adsorption of non-ionic
organic chemicals, because these common substrates form hydrated
ionic double layers about them that pre-empt interactions with
hydrophobic chemiegds. However, other sedimentary constituents,

such as sulfides,rfaxcic oxide (Fe,0;), rutile (Tio,) and elemental
sulfur do not form hydrated ionic double layers and can readily
sorb non-ioenic organic chemicals. In addition, polymers can

negate the influence of double layers (Stumm and Morgan, 1981).



3.1.5 Organic Carbon Normaligation

Data show the organic portion of sediments to be usually less
than 10% on a dry-weight basis, but higher values  have been
reported. Experimental evidence indicates that the organic carbon
fraction of sediment is the principal sorbent for  many
hazardous organic compounds, especially non-ionic chemicals;
therefore normalizing the sediment partition coefficient for the
carbon content of a particular sediment adjusts, in
principle, the coefficient to better approximate actual
environmental conditions.

In many instances sediments may be polluted with high
concentrations of natural and/or man-made hydrophebic organic
contaminants. At high concentrations, malti-phase systems exist
with multiple mass transport interfaces between the interstitial
water and sediment, interstitial water and an organic liquid
phase, and the organic liquid and the particles. In these
instances the non-agueous materizl can be both a source of
soluble material to the water and another phase for sorbing
pollutants. The draft briefing document does not address this
situation, which may be common for certain kinds of pollutants and
sites (e.g., PCBs, petroleum hydrocarbons, creosote, etg.) . Several
questions should be addressed. Can the EqP method be used in
these circumstances to establish sediment criteria? Are these
situations of enough significance to warrant generation of a new
or modified methodology? Could a nodification to the existing
approach incorporate a third phase? Can it be assumed that the
biota will not interact with the non-aqueous liquid and therefore
that it is not important from a toxicological perspective? Is
this an instance of a very complex mixture where we have no
adequate method for assessing sediment quality?

3.1.6 Particle Concentration Effact

The use of the EgP approach is pased on the empirical
observation that in most laboratory experiments K, 1s
approximately equivalent to K, Many of the laboratory
measurements used to estimate K, have been made at relatively
low suspended particle cnncentrgiions but are applied to bedded
sediments. If the sorption properties of high particle
concentration agueous suspension or intact sediments are not the
same as the low concentration suspensions used to derive K.,
then there is a basic problem in the application of this
method. This observed particle concentration effect suggests that
some factor may cause sorption to solids to decrease as
the particle concentration increases. A gquestion is therefore
raised as to proper ways to estimate bed sediment sorption and
desorption.

10



Additional data exist that indicate the apparent effect of
particle concentration on sorption isotherms is an artifact of
the way the laboratory experiment is performed. The data of
Geschwend and Wu (1985) suggest that apparent particle effects
are due to the fact that soluble macromolecules (humiec, fulvic
acids, proteins, etc.) and colloidal particles are not removed
from +the 1liquid phase of isotherm studies using existing
centrifugation techniques. The change in the is then a

. function of the amount of soluble macromolecules and particles
left in liquid phase which is directly related to the
concentration of solids wused in the isotherm study. These
conflicting viewpoints indicate that the mechanisms of adsorption
and desorption are not fully understood and that there is not yet
a universally accepted and applied approach for measuring
sorption. gince the relationship between K, and K is such an
important aspect of the appiication of the EqQP approach, and since
it may impact how future measurements are made, the Subcommittee
recommends that additional research jpto particle concentration
effects be conducted.

3.1.7 ixed versus tura adi orpt

The scientific literature clearly indicates that there are
major differences in the sorption characteristics of
sediment-boliid chemicals depending on whether the chemical was
spiked onto the sediment or occurred as a result of a ryelease
into the natural envirenment. Major differences in the
desorption rates have been reported. These differences are
thought to be due to the "aging process" that occurs after
sediment and chemical contact has been made. Laboratory
experiments support the idea that the longer a chemical has been
adsorbed to a sediment, the =slower will bke the overall
desorption/diffusion rate. This implies that chemicals may be
more bicavailable in toxicity studies with freshly spiked sediment
than with sediments collected from the natural enviromnment with
the same chemical.

Much of the data generated to date to test the EgP method has
been collected using freshly spiked sediments. while this
approach is satisfactory for understanding the basic approach and
evaluating whether carbon is a reascnable normalizing factor, there
may be considerable error associated with field applications of
these data.

The &S

ommi racommas t v aa n ariments b

tha relation , batween duratio " ,ntact of sediment and

chemical, and sa;ngianggaso;pgiug properties of the chemical .,
gsediment and biological affactsa. It is also racommended that
consideration be qiven to the use of aged sediment- und chemical

desorption partition coel jeiants n deriving sediment quality

11



values,

3.2 Bia;ogicgl‘congidnratiags'

The following is a discussion of the EgP meﬁhadalﬁgy‘s
strengths and weaknesses from a biological standpoint.

3.2.1 Dependency on Water Quality Criteria and Advisories

The EqP method for generating sediment guality criteria
appropriate for non-ionic organic chemicals uses water gquality
eriteria (WQC) as the effects concentration in calculating the
sediment quality value. Thus the approach is dependent on the
availability of a water quality criterion or some surrogate
before it can be used. At the present time water quality
criteria have not been developed for many non-ionic organic
compounds, and the data base for water gquality criteria does not
contain many chemicals with - very high K, values. In
addition, of the chemicals for which water guality criteria do
exist, only a relatively small number (approximately 30) have
peen developed following the National Guidelines for the
Development of Water guality Criteria. Thus, of the available
water quality criteria, there are varying degrees of uncertainty
regarding their ability to protect acuatic life.

When applying the EgP metheod to chemicals for which no water
quality criteria exist, the user must develop surrogate
effects concentration. Such a surrogate will have additional
uncertainty associated with it and the degree of uncertainty
depends on the approach used to develop the surrogate. For
example, Water Quality Advisories might be used to derive
an effects concentration, yet all Water gQuality Advisories are not
equal in terms of amount and quality of data used in their
development. Thus, varying degrees of uncertainty exist
regarding . their ability to protect aguatic 1life. It is
conceivable that an effects concentration for a chemical could
pe derived from acute toxicity data by applying an application
factor. In such a case, the uncertainty of the effects
cencentration used in the EqP method may be very large.

12



Because of the critical role the estimate of an effects
concentration plays in the EgP approach for the development of
sediment quality values. and the varying degrees of uncertainty
for the various estimates of an effects concentration, the
Subcommittee recommends that the developers of the BgP  mathod
include A statement of confidence with each sediment quality
value developed by the EqP Approach. This quality designation
should indicate the certainty or confidence attached to the
sediment quality value. Quality designations could take the form .
of descriptive statements or numerical indicators. Quality
designations should also be included as part of any sediment
criterion value, regardless of the methed that is used to develop
the sediment criterion.

3,.2.2 Exposure Rou ag-Watar Vars Sadiments

The data presented in the EgQP support document, on both
biocaccumulation factors and sediment toxicity, support the
averall contention that carbon normalization does a reasonable
job of explaining bioavailability differences among different
sediments. However, providing data on selected biota is not
equivalent to providing evidence that WQC can be used to establish
sediment gquality values protective of all benthic organisms
regardless of the route of exposure. :

A key question surrounding the EqF method has to do with the
method's ability to adequately protect species which are detrital
feeders, those that may not receive most of their chemical
body burden from interstitial water. Data are emerging that
indicate some benthic organisms are exposed primarily via detrital
feeding (Boese, 1988; with hexachlorobenzene and Macoma sp.). It
also has been shown that for certain PAHs (high pK) uptake via the
gut can exceed uptake across the gill in freshwater
amphipods (Landrum, 1989). Tt is unknown at this time whether or
not there are a large number of benthic species to which this
applies, and whether or not these species are more sensitive
than other benthic organisms.

Equilibrium partitioning theory, per se, does not assume
that the interstitial water is the primary or only uptake route.
It is recognized that the thermodynamic potential for transport
to the organism (i.e., effective exposure concentration) is the
came from the sediment or the water when sediment and
interstitial water are at equilibrium. Field data generated to
date are not capable of discriminating between the two routes
of exposure. However, the bulk .of the experimental data have
shown that, for many organisms, “effect levels attributed to
sediment interstitial water concentration match traditional
aquatic toxicity values generated without the presence of
sediment. This does not prove the route of exposure, it only says
that the weight of evidence is that for many organisms the WQC

13



can be used to estimate sediment effect levels. This approach is
vulnerable in that it is not known whether or not organisms which
derive their body burden primarily via the gut are affected at
the same sediment chem@cal cencentration as those which are

affected by the interstitial water. Do water quality criteria
adequately protect these organisms? '

The Subcommittee racommends _that further research bea
conducted to determine whether ol not water quality values and
sediment quality criteria developed by the EQP method are

rotactive of bant or ams who a outa of osure
isa vi etrit foed .
3.2-3 laevance of ar Banthic Sms

one of the basic assumptions in the development of sediment
quality criteria is that water quality criteria (or some
surrogate) are adequate estimates of the effects concentration
for benthic organisms. The developers of the EgP appreach have
attempted to validate this assumption by analyzing the relative
sensitivity of marine water column species and benthic species by
segregating the acute toxicity data base for 30 chemicals for
which water gquality criteria exist. 1In addition, data from
penthic colonization experiments for six chemicals were examined.

The existing method of data analysis relies on the use of
pooled data and comparisons of percentile ranges. This approach
does not allow review of data for specific species. _The

detarmine the two or three most‘gnnsigivn benthic and water

column species in the data set. The data used for the species
sensitivity comparisons should be based on studies with animals:
a) at a similar 1life stage, b) tested under similar conditions
(e.g. hardness, PH, temperature), and <) exposed for the same
period of time. A cseries of sensitivity ratios could then be
developed by dividing the acute values for a benthic species into
the acute value for a water column organism for the same chemical.
This could help determine if benthic species are as acutely
sensitive, on the average, as certain water column organisms.

To date only acute data for benthic and water column marine
species has been analyzed. It is important to determine if
benthic and water column  species have similar chronic
sensitivities to chemicals, since chronic toxicity data are
essential to the developmen of  WQC. The Subcommittee

- - - . . e p¥pand ha
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3.3 Ipappropri Use of Wat ua riteria (WoQC) to
petermine Effect Leveals in the BqP Approach

The Subcommittee 1is concerned that the water gquality
criteria documents could be used inappropriately to, determine
effect levels for the EgP approach. For instance, some of the WQC
are based on residue considerations, i.e., PCBs. It would be
inappropriate to use the overall WQC in these cases for deriving
sediment ¢uality values. The residue derived WQC are usually
estimated based on measured bioconcentration coefficients.
Potential user of WQC should not accept these numbers directly
without careful reference to the technical support documentation
for the WOC to establish the limits of applicability of values
that have been selected.

When the expected residue concentrations are +o be inferred from
the concentrations of contaminants in sediments using the EqgP
method (or any other method), then the additional extrapolation
of sediment-water-biota will introduce an additional uncertainty,
making the entire process even less reliable. Use of the data in
the WOC document that pertains to chronic effect levels would be
more appropriate, such as the final chronic value (FCV). The
Subcommittee Trecommends that very caraeful use of the WQC
documents be made and that quidelines be prepared for using WQC

and water quality advisory valuas in the calculation of a sediment
ality valuas by the E A oAs
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4.0 8 ¥ OF SUBCOMMITTEE ONCLUSIONS COMME TIONS

a. The Subcommittee recommends that the assumptlons used in
the EgP approach, including assumptions of relatively ideal
conditions and equilibrium, be investigated to better'characterize
the uncertainty that may exist around them.

b, It is suggested that a more sophisticated uncertainty

analysis be carried out for the EqP approach to set limits/bounds
on its applicability. A more rigorous approach would be to
perform uncertainty analyses on both the water quality criteria

and the partition coefficients, K, and K, to yield a combined
uncertainty on the sediment guality values.

c. Tt is recommended that additional research be conducted to
further evaluate the importance of particle size distribution in
sediments in controlling or influencing sorption and desorption
on mineral soil particies in combination with organic carbon. It
is recommended that various inorganic sediment constituents such
as 8io, and sulfides and various forms of organic carbon be
investigated to determine the extent that they influence the
sorption and desorption of non-ionic chemicals.

d. as part of the development of the approach, the
appropriaté*”methods for all the necessary analyses need to be
ascembled, criteria for use of various procedures defined,
quality assurance/quality control evaluations specified, and
methods for quantifying uncertainty in the analysis stated. The
subcommittee therefore recommends ‘that the preparation of a
procedures and methods manual be undertaken to address both
chemical and biological sampling.

e. Since the relationship between K, and K, is such an
important aspect of the application of the EqP approach, and since
it may impact how future measurements are made, the subcommittee
recommends that additional research into particle concentration
effects be conducted. -

f. The Subcommittee recommends that validation experiments be
conducted using natural and/or aged spiked sediments to
determine the relationship between duration of contact of sediment
and chewical, and sorption/desorption properties of the chemical,
sediment, and biological effects. It is also recommended that
consideration be given to the wuse of aged gediment-bound
chemical desorption partition coefficients in deriving sediment
quality values.

g. The Subcommittee recommends that the developers of the EgP

method include a statement of confidence with each sediment
quality value developed by the EqP Approach.
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h. The Subcommittee recommends that further research be
conducted to determine whether or not water quality criteria and
sediment quality value developed by the EqP method are
protective of benthic organisms whose primary route of exposure
may be via detrital feeding. ,
i. The Subcommittee recommends that the species sensitivity
data (30 marine and freshwater WQC documents) also be reviaewed
to determine the two or three most sensitive benthic and water
column species in the data set.

J. The Subcommittee recommends that the developers of the EgP
approach expand the analysis of Water Quality Criteria data bhase
to include a broader range of species, include considerations and
comparisons of both chronic and acute toxicity data.

k. The Subcommittee recommends that very careful use of the WQC
documents be made and that guidelines be prepared for using WQC
values in the calculation of a sediment quality values by the EdF
approach. '

1. The Subcommittee recommends that field experiments be
conducted to validate the EqP approach.

17
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SUMMARY

This repert has been prepared to assist the EPA Science Advisory Board wich
{rs evaluation of the Equilibrium Partitioning mathed for generacing sedimenc
qualicy criteria. Sediment qualicy criteria as used in thls repoerc zefer to
numerical values for individual chamicals that are applicable aeross tha range
of sedimencs encouncered in practise, They are intended to be predictive of
biological effects and protecuive‘uf the prcsincn and uses of benchic
organisms. As a ¢onsequence they could be used in much the same wvay as watel
qualicy criteria - as the comaencration of a chemical which is procective of

the intended use.

The specific regulatory uses of sediment quality criteria have not been
established. Howsver, che range of potantial applicacions is quite large since
the need for tha evaluacion of potentially contaminated sediments arises in
many contexts. Sediment gquality criteria are not nednc te replacs direct
toxicity testing of sedimencs as a method of evaluacion, but rather to provide
a echemical by chemical specification of what ssdiment concentrations would be
prbteqtive of aquacic life and their uses.

TOXICITY AND BIOAVAILABILITY OF CHEMICALS IN SEDIMENTS

The principal technical diffiéulty that must be nvcr:am& in esuablishing
sadiment quality criteria is to decermine the extent of bioavailability of
sediment associazted chemicals., It has frequently been observed thac gimilar
concentrations of a chemical in units of mass of chemical per mass of sediment
dry weight (e.g. ug :hnmiciljg sediment) can producclwidlly different
biolegical effeaccs in different sadiments., If the purpose of sediment qualicy
eriteria is to establish chemical concentrations that apply across sediments of

differing types it is sssancial thac the resasons for this varying
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bicavailabilicy be undsrscood and that they bde axplicitly included in the
criceria. Oehaerwise the eritaria cannot be presumed to be applicable acToss

sadiments of giffering properties.

The importance of chis issue cannet be underastimated. For example, if L
ppm of kepone is tha Lesg for an organisa in one gediment and 40 ppm is che
LG50 in another sediment, then unlass the cause of this difference can be
asgociaced with some explicit sadiment propsrties tg is mnot possible to dacide

what the LC50 would be of a third sediment without 3 direct toxicity cest.

An additional difficuley {s chat the results of roxicity tests used o
escablish the toxicity of chemicals in sedimencs would not be generalizable to
other sediments. Imagine the situation if the results of coxicity cests in
water depended gerongly on the particular watel source - €.Z.. Laka Superier
varsus well water. Uncil the source of the differences weIs uynderstoed, 1%
would be fruicless ©o actampt toO establish water qualicy eriteria. It is for
rhis reason that the issue of bicavailability is a principal focus af chis

zeport.

The observatioen which provided the key insighc to the problea of
quancifying che bioavailability of chemicals in sediments vas chat the
aoncencration-responss curve for the biological effect of concern could be
correlated not tO che total sediment chemical concentration (kg chemical/g
sadiment) but €O the interstitial water (L.e., pore watar) concentration (BE
chami:al/lltnr pore water). Organiss morcalicy, growech Tate. and
bioaccumulation data ware used €O demonstracs this ecorrelation, which is 2
ericical part of rhe logic behind the aquilibriua partitioning appreagh =0
developing sadimant quality criveria. A substantcial amount of data is
presented in che re@art ro illustrace the generalicy of this £inding (Secnions
3.1 through 3.3).

This ¢nrralat1§n can be interprated in a number of wWays. In particular i

{5 premacure tO conclude that the rouce of exposure for the crganism is onk’
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via the pore water. The reason is thac the solid phase is in equilibrium wizh
the liquid phase and che effecctive exposure’ con:lntrat:i‘un ts likaly to bs che
same via eicher rouce, However from a pursly empirical point of view the
correlation suggests chac 1f 1t were possibla to aeither (1) measure the pore
water chemical concentration or (2) pradict it from the total sediment
concentracion and the relevant sediment propercies, then that concentration
could be used to gquantify the exposure concentratien for an organism. Thus,
the partitioning of chemicals berween the solid and the liquid phase in a
sadiment Hecomes a necessary component of sediment qualicy ericeria. 1t is for
this reason that the methodology is called the aguilibrium parcitioning (ER)

mathod.

In addicion, if it were true chat benthle organisms are as sensitive as
wvater column organisms - and as shown in Section 5 the evidence appears to
support this suppositien - rhen a sediment qualicy criceria could be
sstablished using the water qualicy ecriteria, cyqc., a8 the effects
concantration, and the particien coafficlenc, KP' ta ralate the pors wateT
concencracion to the sediment quality critaria concentration, tsqc via the
particioning equacion. The caleulation procedurs is as follows. 1f ewqe
(ug/L} is the water qualicy criteria for the chemical of interest, chen the
sediment quality criteria, tgqQc (K8/ks sadiment) is computed using the
particion coefficient, l(p (L/kg sediment) batween sediment and water:

Tsae ™ ¥pwac

Thit is the fundamental equacion from which sediment qualicy criteria are
generaced, Its utility depends upon the exiscence of a mathodology for

quantifying parcicion ceefficlencs.
PARTITIONING OF NON-IONIC ORGANIC CHEMICALS

The partitioning of non-ionic organic chemicals between particles and water

is reasonably well understood and a standard model exists for desecribing the
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process. The chemical propefty of imporcance is rhe octansl-wacer partitien
coefficient, Xgu. The impeortant particle property i{s the mass fractien of
organic carbon. fec- For particles with foc > 0.5% the organic carbon appears
to ba the predominant sorption phase. The partzicion coefficient, Kp, the ratio

of sediment to pore waterl concencration is given by:
- £
P oe o

whare Kqr i{s the parcition coefficient for particle organie carbon.

The only other environmental variable that has 2 dramactic effect on
parcitioning appears to be the particle concencration jcself. There is
considerable controVersy regarding the aechanism responsible for the parcicle
concencration effect and a number of explanations have besn offared. However,
all the in:nrprntatioﬁs yield the sanme resulc for sediment-pors water
particioning, namaly that Kge = Kouw for sadimencs. Henca sediment quallty

aeriteria are calculaced from:

Tsac ~ £ eFoutune

This equation is linear in the orgaunic carbom fraction, foc. A% a consequencs,

the relationship can be expressed as:

1f wa define:

Tsqe

r -
85Q¢C,0C foc
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as cthe organic carben normalized sediment concentratien (ug chemical/kg organic

carbon) then:
¥sac,0¢ — Fowtvac

Hence we arrive at the following important conclusion: for a specific chemical,
with a specific Kgy, the organic carbon normalized total sediment concentration

{s proportional to the dissolved free effects concentration, cuge, for any

sediment for f£4o > 0.3%.

Hydrophobic chemicals tend to partitien to colloidal sized organic carbon
particles (DOC) .as well. Although DOC affects the apparent poze water
conesncrations of highly hydrophebie chemicals the DOC-bound chemical appears
not to be biocavailable and the above equacion still applies (Sections 4.2
through A.ﬁ).*ufhc available field data for sediment partitioning is reviewed

and relacted to the model presenced above.

The above discussion suggests that toxicicy and bicaccumulation data fer
sedimencs should be normalized by the sadiment organic carbon concencration. It
i{s found that responses which are quite variable on a dry weight normalized
basis are either stacisctically equivalenc or the differences are significantly

reduced on an organiec carbon basis. The low carbon sediments are sesn TO

dapart from the normalized results as is expectad (Section 4.8),
FIELD VALIDATION OF SEDIMENT QUALITY CRITERIA

The wmost convincing damonstration that sediment quality criteria are sound
would be a demonstration that cthey can predict che degres of toxicity of
nacural sedimencs. Thera are thres cachnical difficulties that apply to all
flald data based approachas: bicavailability, chemical mixtures and concrol

sediments.
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Bioavailability

Contaminated sediments contain many chamicals. In order to uss the
magnitude of che cheamical c¢oncemcration as a neasurs of its petancial to
have biological effects, it is necessary chat ics biocavailabilicy ia chac
particular sadimeﬁu be assessed. For ctoxic mectals and lenie organic
chemicals there is as YyetC 1o comprehensive partiticning theory that
{denrifies the normalizacion quanctities and providas cthe parameters to
predict free dissalved concentration. Hence bioavailability cannet be

directly assessed.

Chemjcal “Mixcures and Causalicy

1£ che bioavailability problem were solved chers ramains a difficulcy with
using nacurally concaminated sediments. Just as with watar quality criteria it
is always possible thac. there is pressnt anothir chemical or chemicals that are
bielogically very active but, which have yet to be {dantified. I£ this
chemical is the causs of significant toxicicy chen it would causs i biological
effect that would not be predictad froa the application of sediment quality

criteria.
EMMMM&—VMM

Variations in sediment coxicity ctest resulcs and communicy strusture
ean be causad by variacions in sediment charscteristics ocher than
chemical contamination. Grain size distribucien and organic carbon
content are wall known examples. In order to judge the toxicircy of a sediment
{r i{s necessary that a comparative control respenss ba obtained. The perfect
control is the same sediment without any chemical contamination. Since this is
not available, sediments from an unimpacted site are assunmed to approximate the
response of che pcrftat‘control. The degres to whieh this approximation is
{nappropriate limits che assessment of comparative toxicity.

— e . R
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These thrae major difficulties appear to rTender a direct field validatien

of sediment ecriteria bayend current capabilities, Neverthaless ig would be
halpful Lf some evidence that criteria daveleped from laboratoery texicelegical
data are at least reasonable. A mechodolegy is presenced that can be used to
established lower bounds for ssdiment quaii:y eriteria from field observacions

of organism presence and sedimenc chemistry.
EFFECTS CONCENTRATION

The other principal assumptien In the davelopment of sediment qualicy
ericeria is cthat the water quality critaria are adequate estimates of cthe
effects concencrations far banthic organisms. Two sets of analysss are
presenced to examine chis question. The acute toxicity data base from the
water quality criteria are segrega:ld into benthic and wacer column species and
the ralative sensicivity of each group are compared for the 30 water quality
ericeria chemicals. tn addition benthic colonization experimencs for six

chemicals are examined.

The conclusion from this examination is chat che sensitivicias of benthic
species are sufficiencly similar to choss of wacer column species co
centacively permit the use of water quality criteria for the derivacion of
gediment quality criteria in che equilibrium partitioning approach. The acute
roxicity dacabase derived from 30 water quality criteria documents sSuggests
chat tha most sensitive infaunal specles is typically less sensitive chan che
most sensitive watar columm (epibenthic and water column) species. When both
infauna and epibenchic spacies are classed as "henthic", the sensitivicies of
che most sensitive benthic and water ¢olusn species ars on the average similar

(Section 3).
UNCERTAINTY
The sadiment quality criteria mechodology enployad above relies on an

empirical model to compute ctha free in:nrstitial water concentration from cthe

solid phase measursments. As i consaquenca there i3 an uncertainty associated
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with the use of the model. In addirion thers is uncerctainty with respectc e
the Koy Associated with the speciflc chemical since it is an experimencally
decerminaed gquancicy. Finally the assumption that wacter column and banthilc

organisms have similar sensitivities has a level of uncertainty.

The gquantificaction of che level of uncertainty for sediment quality
criteria has only been accomplished in a preliminary way (Section 7.1). It is
anticipaced that a complete uncertaincy analysis will accompany & sediment
qualicy criteria and that, for example, 951 confidence limits will be specified

as well as the most probable value,
PRELIMINARY SEDIMENT QUALITY CRITERIA

An imitial attempt to compute squilibriun particioning based sedimenc
qualicy criterid for 13 chemicals is prasanted in Seccion 7.2. The 952
confidence limits are compucted from a method which is knewn to exaggerate the
uncertainty. For chemicals where sicher field data derived lowar bounds orf

sediment toxicity experiments are available the results are reaseonable.
TOXIC METALS

The rationale for establishing sediment quality ericteria for toxic metals
is similar to that developed for non-ilonic organic chemicals. The bioavailable
fraction is identified and a pattitioning modal will be investigated in order
to predict the biosavailable fraction. Water coluan axperimencs peint to the
fact that biological effects can be correlated to the divalent mecal accivicy
{Me2*). The implicaction to be drawm from thase experiments is that the
partitioning model required for escablishing sediment quality criceria should
predicet {Ma2*} in tha pore wvater (Section 6.1 - 6.2).

METAL SORETION MODELS AND EXTRACTIONS

The scace of the art of modeling metal sorption in laboratory systems is
wall developad. Models for nactural soil and sediment particles are less wall
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daveloped. HoweveT, Tecent applications suggest that gimilar models <&at be
appllied to soil systems. An app::oach is praunt.d whieh anvisions three

sorpcion phases in aerobic gadimants (Section 6£.1).

1n addition o the serprien phase concencrations ic is pecessary =0
quantify rhe fraction of total sadiment metal that is chemically inmcaracting
with the poTe vater. A gubstantial affortc 1s neadad ovVer several years ©°
datermine the bicavailable portion of trace mecals in soils and sediments using
chemical excractions. Initial resyl:s are reviewed and preliminary directions

are suggcs:ed {Section 6.4Y.

CONCLUSION

Mechodologles are being developed ©O© ascablish sediment quality ericeria
using sediment equilihrium partitioning. The importance of bloaVailability and
the rOle® of par:itioning hetween sediment and pore water (g clarified. The
effects concentration for benchic organisms cin be estimaced from the watel
quality ericaria. Fotr non-ionie organic chemicals an adesgquate partinianing
model exists and is p:cs-n:ld in this document. As 3 cagult sediment qualizy
critaria can be computed. For metals {nicial studies {ndicate that che samé
rationale can be used. The development of sedimeant eriteria for metal
contaminants using aquilibrive plrtitionin; {s the focus of future sediment

ericeria davalopment activities.
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SECTION 1.

INTRODUCTION

Under the Clean Watar Act (CWA) the Environmental Protection agency (EPA)
is responsible for protecting the chemical, physical, and biological integrizy
of the Nacion's waters., In keeping with this responsibilicy, EPA has published
ambient water quality criteriag (WQC) in 1980 for 64 of the 65 prioricy
pollucancs and pollutant categories listed as toxlc in the CWA. Additiomal
water qualicy documents that updace criteria for sslected consent decres
chemicals and new criteria have also been published since 1980. Thess water
quality criteria are numerical concentration limics that are proteccive of
husman health and aquacic 1ife. Whils these critaria play an important role in
assuring Etynnlthy aquatic environmant, they alons are not sufficient to ensure

appropriace levels of anvironmental and human health protaction.

Toxic contaminants in botrom sedimencs of the Nation's lakes, rivers, wet
lands, and coastal waters creats cthe potencial fer continued environmental
degradaction aven whera water-coluan concaminant levels comply with established
water quality criteria. In additienm, contaminaced sediments can lead co water
quality dagradation, sven when pollutant sources are stopped. The absence of
defensible sediment quality criteria omakes ic diffieculc o accurately assess
the extent of the contaminated sediment problem and to idencify and implement
appropriate remediation activities when neadsd. As'a result of the nead for a
procedure to assist regulatory agcnciu{in making decisions concerning
contaminacted sediment problems, a EPA Office of Water Regulacions and
Scandards, Criceria and Scandards Division (OWRS/CSD) ressarch team was
astablished to raview altarnative approaches. Each approach had bath strangchs
and weaknasses and no single approach vas found to be most applicable in all
situacions. The equilibrium particioning method wvas selectad. because it
appeared to provide the most practical and affeccive regulatory teol for

addressing concaminacted sediments on 2 national basis. The chree principal
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observations that underlay the equilibrium partitioning mechod of establishing
gediment qualicy criteria are:

1, for sediment dwelling organisms, the pore wacer conesantration of a
chemical corralates to observed biological effects across a Tange of

gadiments,

2. the range of sensitivicies of benchic organisms cta chemicals are
similar to water coluamn organisms so That the currancly established
water qualicy criteria can be used to define acceptabla pore water

lavels; and,

3. particioning models which relate pors water concencrations te bulk
sadiment concentratiouns aither exist (for non-ionic erganic chemicals)
or can be developed (for toxic metals and, perhaps, for ienic organic

chemicals).

The data that suppert thess cbssrvacions will be axamined in subsequent

sections of this report.

Sediment quallty ceriteria generaced using the equilibrium parcicioning
aethod ara suitable for use in providing guidance to regulatory agencies

becausa thay are:

Nuperical values

Chamical specific

Applicable across sadipmants
Predictive of biological effects

W P e

Protactive of the presence and uses of benchic organisms

As is the casa with water quality criteria, the sedipent gqualicy ericeria
raflect the use of available scientific data to: {1) assess cthe 1likslihood of
significant environmenzal effects from concaminancs in sedimencs and to (2}

deriva regulatery rvequiresmentcs which will protect againsct cheste effects.
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Gver the past several years research activities hava focused on the
avaluation and development of the equilibrium particioning methodelogy for
generacing sediment quality criceria for use in providing guidance rto
ragulacory agencies. It is cha purpose of this :":eport to dascribe results thac
suppert che equilibrium partitiening method for establishing sediment qualicy
criteria. This report is structured in the following way: '

The historical framework and statutory basis for developing sediment
qualicy criteria are discussed in Section 2. Toxieity and bicavailabilicy of
chemicals in sediments ars discuesad in Section 3 where the importance of pore
water concesntration is established. This leads to a discussion of partitioning
behavier of chemicals and their division into two major ¢lasses: non-ionic

organic chemicals and gecals, for which parcitioning models have been proposed.

Non-ionic organic chemicals are diseussed in Section 4.  Sections 4.1
through 4.3 concantrate on particioning and the role of particulate and
dissolved organic carben. The modals available to evaluace the partitioning of
chemicals Iin sedimencs are prasantad in Section 4.1 for particle suspensions
and Sections 4.2 through 4.4 for in-place sediments, ineluding a discussion af
che affesct of DOC complexing. Field daca, related to partitiecning in
gediments, ars analyzed in section 4.5. The results of organic carbeon
normalizacien of toxicity and bioaccumulation experiments are presentad in
geccion 4.6, The issue of pors water versus sediment as the route of exposure
is addressed in Sectien 4.7. This section concludes with a reviev of the field
validacion of sldimcnt eriteria in Section 4.8, where 2 gscreaning level

methodology is p:n:nnt-d.

The applicabilicy of using water qualicy criceria for cthe effects
concentracion in sediments is examined in Seczien 5. A discussion of che
overall similarity of the sensitivicies of benthic and water column species is

included in chis section.

geccion 6 reviaws the current sStatus of sediment qualicy ericeria

development efforts ralated to toxic metals. The difficulties in using pore
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vater metal concentration directly are discussed in Section 6.1, This leads to
a discussion of the data demonstrating the correlacion of toxicity to divalent
metal aetivity which is presentad in Seccion 6.2. -~The szace-of-the-art of
neral sorptien models is discussed in Section 6.3. The suitabilicy of
extraccion methodologies to quantify che bicavailable fraction is examined in
Seczion 6.4. The remainder of Sectien 6§ describes the initial approachas that

are being pursued in order to egtablish sediment metal critaria.

Finally, Section 7 describes the generation of interim sediment qualicy
criteria for non-lonic organic chemicals. The uncertalncy associacted wicth the
cricteria is discussed (Section 7.1) and preliaminary values ars presantad
(Section 7.2).




